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The strict environmental protection guidelines and cost of 
environmental protection in developed countries, provided a 
favorable market for the leather in India and subsequently several 
leather industries sprouted in India that makes a significant 
contribution to the country’s foreign exchange earnings[1] but it also 
suffers from the harmful consequences of environmental impact due 
to indiscriminate disposal of its waste.             
 It is estimated that 30-35 L of water is used per kilogram 
of leather processing; it generates huge quantity of effluent. From the 
total amounts of liquids, nearly 10 percent corresponds to the 
tanning stage and the reminder to the other stages of processing 
namely dehairing, pickling, neutralizing, dyeing and washing [2]. 
 Tanning operations may be carried out using either 
vegetable tan barks or basic chrome salts. The plant materials 
contain polyphenols which can be used in vegetable tanning. Tanning 
products may be powdered plant parts or aqueous extracts of those 
parts [3]. The discharged vegetable tanning effluent is mostly loaded 
with the high concentration of sodium, chloride, sulphate, 
bicarbonate, calcium and magnesium that is high amount of TDS 
instead of high chromium salts in Chrome tanning. Therefore any 
discharge of these in to land or water bodies, needs precaution as it 
will affect the land, surface water and ground water. The rapid 
growth of urban population also has resulted in generation of huge 
quantities of wastewater regularly. Discharge of this wastewater also 
causes water pollution. 
 Almost 40% of the world population and many ecosystems 
are suffering from water scarcity. Global stress on water is increasing 
as a consequence of population growth.  Agricultural production is 
currently responsible for the vast majority of global consumptive 
freshwater use (for 85% according to Shiklomanov[4] and it is 
projected to double by 2050.  
 With high generation of effluent from the tannery industry 
and domestic wastewater from city the possibilities for using these 
wastewater as irrigation source has to be studied. Hence, the present 
study was designed to use the treated tannery effluent (vegetable 
tanning) of the Common Effluent Treatment Plant (CETP), Dindigul, 
Tamil Nadu along with domestic wastewater for the dilution of 
higher amount of total dissolved salts and to study its effect with 
amendments on non food crop of Marigold.  
 
2. Materials and methods 
 The pot culture and field experiments were carried out at 
CETP, Dindigul, Tamil Nadu. The soil of the pot culture and field was 
red sandy loam and red sandy clay loam in texture, respectively. The 
experimental soils were low in available nitrogen, medium in 
available phosphorus and high in available potash. The pot culture 
was laid out in a factorial completely randomized design and field 
experiment laid out in factorial randomized block design with four 
replications. Treatment comprised six levels of irrigation sources viz., 
I1 - 25% treated tannery effluent (TTE) + 75% domestic wastewater 
(DWW) i.e 1:3 ratio,  I2 - 50% TTE + 50% DWW (2:2 ratio) , I3 - 75% 
TTE + 25% DWW (3:1 ratio), I4 - 100% TTE,  I5 - 100% DWW and I6 - 
control (normal water) treatments under factor A and three 
amendments viz., Ao - control (without amendment), A1 - gypsum and 
A2 - VAM as treatments under factor B. Well decomposed FYM @ 12.5 
tonnes per hectare was applied at the time of land preparation. The 
recommended dose of 90:90:75 kg of NPK ha-1 was applied in the 
form of urea, single super phosphate and muriate of potash, 
respectively. Half the dose (50%) of N and full dose of P and K were 
applied as basal. The remaining 50 % of the N was top dressed on 
45th day after planting (DAP). 
 In pot culture, all the manures and fertilizers were applied 
to the crop based on the quantity of (10 kg) soil contained in mud pot 
(1 ha = 2x106 kg soil). VAM inoculum (Glomus intraradices) at the rate 
of 5g plant-1 was at the time of planting. Gypsum was finely powdered 
and uniformly applied to all the treatments as basal at the rate of 20g 
pot-1. As per the treatment, equal quantity of irrigation water for each 
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pot was added throughout the experiment period. The half litre of 
water irrigation-1 was given at weekly twice and totally 20 irrigations 
were given to the crop. 
 In field experiment, thirty days old healthy and uniform 
marigold seedlings were transplanted at one seedling hill-1 with a 
spacing of 45 x 30 cm. The variety MDU-1 was used as test crop for 
cultivation. VAM was applied at the rate of 100 kg ha-1 and gypsum 
applied as basal at the rate of 4 t ha-1 as general recommendation. As 
per the treatment, equal quantity of irrigation water was given for 
each plot throughout the experiment period with the help of scale 
marked water tanks. Marigold flowers were harvested in the morning 
hours at weekly intervals when the central whorls of petals were 
fully opened.   
 The data on various characters studied during the course 
of investigation were statistically analyzed as suggested by Gomez 
and Gomez [5] in 2010. Wherever statistical significance was 
observed, critical difference (CD) at 0.05 level of probability was 
worked out for comparison. 
 
3. Results  
3.1. Plant height  
 Plant height was significantly influenced by irrigation 
water and amendments. The plant height increased progressively 
with advancement in the age of the crop from 40 to 120 DAPS in both 
the experiment (Table 1). 
Table 1: TTE, DWW and amendments on plant height (cm) of marigold 
Treatment 
Pot culture 2011-12 Field experiment 2011-12 
40 DAP 80 DAP 120 DAP 40 DAP 80 DAP 120 DAP 
Irrigation water 
I1:  25 % TTE + 75% DWW 38.76 85.88 100.71 39.50 82.70 101.83 
I2:  50 % TTE + 50% DWW 35.23 68.64 82.63 36.55 74.20 89.80 
I3:  75 % TTE + 25% DWW 33.33 62.13 76.21 35.35 66.95 83.95 
I4:  100 % TTE 31.89 56.43 68.72 34.18 58.28 75.60 
I5:  100 % DWW  42.74 96.08 118.15 56.55 99.23 124.50 
I 6:  Control (Normal Water) 46.83 96.50 115.83 50.28 104.55 127.10 
SEd 0.61 0.72 0.95 1.97 4.15 6.04 
CD (P=0.05) 1.22 1.45 1.90 4.19 8.85 12.88 
Amendments 
A0: Control 35.43 72.45 84.64 39.09 75.60 90.75 
A1: Gypsum 40.33 82.89 100.58 44.49 86.49 107.83 
A2: VAM 38.63 77.50 95.90 42.62 80.86 102.82 
SEd 0.43 0.51 0.67 1.39 4.35 4.27 
CD (P=0.05) 0.86 1.03 1.34 2.96 9.26 9.11 
   TTE – Treated tannery effluent, DWW – Domestic wastewater  
 Regarding pot culture, at 40 and 80 DAP, taller plants were 
recorded under normal water irrigation. With regard to mixing 
ratios, 1:3 ratio of TTE and DWW recorded taller plants compared to 
other mixing ratios. The least plant height was observed under 100% 
TTE. However, at 120 DAP irrigation with domestic wastewater 
recorded taller plants. This was comparable with normal water 
irrigation. The least plant height was recorded under 100% TTE. 
Among the amendments, gypsum application recorded taller plants 
at 40, 80 and 120 DAP compared to VAM and control. 
 In the field experiment also, at 40 DAP, taller plants (Table 
1) were recorded under 100% DWW. The least plant height was 
observed under 100% TTE. At 80 and 120 DAP, irrigation of normal 
water recorded taller plants.  This was comparable with 100% DWW. 
Regarding amendments, gypsum application recorded taller at 40, 80 
and 120 DAP compared to VAM and control. 
3.2. Root length  
 Irrigation treatments and amendments had significant 
influence on the root length of marigold at all the stages of the crop in 
both the experiments (Table 2).  
Table 2: TTE, DWW and amendments on root length (cm) of marigold 
Treatment 
Pot culture 2011-12 Field experiment 2011-12 
40          DAP 80     DAP 120          DAP 40          DAP 80           DAP 120            DAP 
Irrigation water 
I1:  25 % TTE + 75% DWW 10.90 14.40 18.12 12.40 16.78 20.00 
I2:  50 % TTE + 50% DWW 10.20 12.98 15.73 11.28 16.08 18.93 
I3:  75 % TTE + 25% DWW 8.72 11.76 14.31 11.05 15.48 16.48 
I4:  100 % TTE 7.54 10.06 11.45 8.18 13.00 13.25 
I5:  100 % DWW  11.35 18.70 22.33 12.58 18.33 23.15 
I 6:  Control (Normal Water) 12.04 17.58 20.76 13.08 18.58 24.43 
SEd 0.17 0.20 0.31 0.72 0.88 0.92 
CD (P=0.05) 0.33 0.40 0.62 1.53 1.87 1.95 
Amendments 
A0: Control 9.57 12.40 15.23 10.70 14.26 17.24 
A1: Gypsum 10.45 15.64 18.61 11.72 17.97 21.07 
A2: VAM 10.35 14.69 17.50 11.85 16.88 19.81 
SEd 0.12 0.14 0.22 0.51 0.62 0.65 
CD (P=0.05) 0.23 0.29 0.44 1.08 1.32 1.38 
TTE – Treated tannery effluent, DWW – Domestic wastewater  
In pot culture, normal water irrigation recorded higher root length at 40 
DAP. At 80 and 120 DAP, higher root length was recorded under 
100% DWW and followed by normal water. Among the mixing 
proportions, 25% TTE + 75% DWW recorded higher root length. The 
least root length was observed under 100% TTE. Application of 
gypsum recorded higher root length than VAM and control at all the 
stages. 
 In field experiment also, normal water irrigation recorded 
higher root at 40, 80 and 120 DAP, respectively). This was 
comparable with 100% DWW. Among the mixing proportions, 25% 
TTE + 75% DWW recorded higher root length. The least root length 
was observed under 100% TTE. Application of VAM recorded higher 
root length at 40 DAP but at 80 and 120 DAP, gypsum application 
registered higher root length compared to other treatments (i.e) VAM 
and control.  
3.3. Dry matter production  
Dry matter production (DMP) recorded at 120 DAP was 
significantly influenced by irrigation sources (Table 3).  
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Table 3: TTE, DWW and amendments on dry matter production (g plant-1) of marigold at 120 DAP 
Irrigation 
Pot culture 2011-12 Field experiment 2011-12 
Amendments Amendments 
A0 A1 A2 Mean A0 A1 A2 Mean 
I1:  25 % TTE + 75% DWW 68.16 79.36 76.62 74.71 94.52 110.05 106.24 103.60 
I 2:  50 % TTE + 50%  DWW 61.16 70.19 67.09 66.14 88.78 101.89 97.39 96.02 
I 3:  75 % TTE + 25% DWW 57.87 65.85 63.96 62.56 80.74 91.87 89.23 87.28 
I 4:  100 % TTE 49.78 61.81 60.89 57.49 68.53 85.09 83.82 79.15 
I 5:  100 % DWW 72.26 83.89 80.10 78.75 104.45 121.26 115.79 113.83 
I 6:  Control (Normal Water) 74.46 81.59 79.67 78.57 109.65 120.15 117.33 115.71 
Mean 63.95 73.78 71.39  94.52 110.05 106.24  
 SEd CD (P=0.05) SEd CD (P=0.05) 
I 0.59 1.19 3.68 7.85 
A 0.42 0.84 2.60 5.55 
I x A 1.03 2.06 6.28 13.40 
   TTE – Treated tannery effluent, DWW – Domestic wastewater; A0  – Without amendment (control), A1  – Gypsum, A2 – VAM  
In pot culture, at 120 DAP, irrigation of normal water 
recorded higher DMP. Regarding the mixing combinations, 25% TTE 
+ 75% DWW recorded higher DMP compared to other combinations. 
The least DMP was registered under 100% TTE. Gypsum addition 
recorded higher DMP at all the stages than the other treatments.  
 Interaction between irrigation water and amendments was 
significant on DMP at all stages except 40 DAP. Higher DMP was 
recorded in the treatment combination of normal water with gypsum 
application. Among the mixing ratios and amendments, irrigation of 
25% TTE + 75% DWW with gypsum recorded higher DMP compared 
to other ratios. The least DMP was registered under 100% TTE 
without amendments.  
The field experiment also exhibited similar result as that of pot 
culture experiment regarding DMP at 120 DAP.  
3.4. Flower yield plant-1 or flower yield ha-1 
 Significant differences among the irrigation sources and 
amendments were observed with regard to flower yield plant-1 in 
both the experiments (Table 4).  
Table 5: TTE, DWW and amendments on flower yield of marigold (Field experiment 2011-12) 
Treatment 
Pot culture 2011-12 Field experiment 2011-12 
flower yield (g plant-1) flower yield (t ha-1) 
Amendments Amendments 
A0 A1 A2 Mean A0 A1 A2 Mean 
I1:  25 % TTE + 75% DWW 225.7 295.5 271.0 264.0 15.25 22.29 20.91 19.48 
I 2:  50 % TTE + 50% DWW 173.4 231.2 211.9 205.5 12.88 19.49 17.82 16.73 
I 3:  75 % TTE + 25% DWW 158.0 214.2 196.9 189.7 11.86 17.13 15.23 14.74 
I 4:  100 % TTE 128.2 178.5 161.2 156.0 9.50 13.08 12.33 11.64 
I 5:  100 % DWW 267.2 323.7 296.3 295.7 19.85 24.49 24.22 22.85 
I 6:  Control (Normal Water) 274.1 340.4 312.9 309.2 19.89 24.95 24.60 23.15 
Mean     14.87 20.24 19.19  
 SEd CD (P=0.05) SEd CD (P=0.05) 
I 1.9 3.9 1.15 2.44 
A 1.4 2.7 0.81 1.73 
I x A 3.3 6.7 1.99 4.23 
TTE – Treated tannery effluent, DWW – Domestic wastewater;  A0  – Without amendment (control), A1  – Gypsum, A2 – VAM 
 
In the pot culture, regarding irrigation treatments, 
irrigation with normal water recorded higher flower yield plant-1 
which was comparable with irrigation of 100% DWW. This was 
followed by the mixing ratio of 25% TTE + 75% DWW. The least 
flower yield plant-1 was recorded under 100% TTE. Among the 
amendments, gypsum application recorded higher flower yield plant-
1 compared to VAM and control. 
 Regarding flower yield, the field experiment also recorded 
similar result as that of pot culture experiment in marigold.   
 The interaction between irrigation water and amendments 
on flower yield was significant. Higher flower yield was recorded 
under normal water along with gypsum application. Among the 
mixing ratios and amendments, 25% TTE + 75% DWW along with 
gypsum recorded higher flower yield. The least flower yield was 
obtained under 100% TTE without amendments. 
 
4. Discussion 
4.1 Effect on plant height 
 The plants were taller under irrigation with normal water 
and 100% DWW which were comparable each other. Better soil 
conditions for growth, sufficient nutrient availability and the resultant 
uptake of nutrients resulted in taller plants. Kumar and Reddy [6] in 
2007 reported taller plants in tomato with irrigation of municipal 
waste water. With regard to different mixing proportions, application 
of 25% TTE + 75% DWW (1:3) registered taller plants. Increase in the 
concentration of tannery effluent reduced the plant height and 100% 
TTE recorded the least plant height.  Higher level of salts in the effluent 
had inhibiting effect on plant growth.  
 Gypsum application improved the plant height compared 
to other treatments. Gypsum addition ameliorated the injurious 
effect of salts in the soil which ultimately showed positive effect on 
the crop growth by better nutrient uptake.  
4.2 Effect on root length 
 With respect to root length, normal water irrigation 
showed higher root length compared to other treatments but mixing 
ratio of 1:3 recorded higher root length among the other mixing 
ratios (2:2 and 3:1). The least root length was recorded under 100% 
TTE. The higher amount of salts in the effluent might have hindered 
the root development as reported by Mariappan et al[7]. 
 Application of VAM recorded higher root length at 40 DAP but 
at 80 and 120 DAP, gypsum registered higher root length compared to 
other treatments. VAM application enhanced the root length in 
Arachis hyopaea under lower concentration of tannery effluent [8]. 
The reduced root length under VAM at later stage might be due to 
reduced colonization by increased salt concentration. Salt stress may 
inhibit cell division and cell elongation in the growing tissues of roots 
but gypsum application reduced the toxicity of salts and thereby 
improved root length.  
4.3 Effect on dry mater production (DMP) 
 The DMP of marigold was higher under 100% DWW and 
comparable with normal water irrigation. With respect to mixing 
ratios of TTE and DWW, 1:3 ratio recorded higher DMP but DMP 
decreased with increasing concentration of effluent. 
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 Application of gypsum registered higher DMP compared to 
other treatments. Gypsum application reduced the ESP by replacing Na 
with Ca and facilitated higher uptake of nutrients which is evident in 
the better growth in this investigation and ultimately increased the 
DMP. Saeed and Ahmad [9] in 2009 also reported that application of 
gypsum reduced salinity and resulted in higher fresh and dry 
biomass production in tomato. 
4.4 Effect on flower yield  
 Marigold yield was higher under normal water irrigation 
and was comparable with 100% DWW (Table 5). Better vegetative 
growth of the crop and yield attributes under stress free 
environment has resulted in good flower yield.  
 Regarding mixing proportions, irrigation of 25% TTE + 
75% DWW recorded higher flower yield among the other mixing 
ratios and 100% TTE registered the least flower yield compared to 
other treatments. The yield reduction under 25% TTE + 75% DWW 
was 15.85% (field experiment) compared to normal water. Similarly, 
pot culture also showed less than 14.62% yield reduction in the 
respective treatment compared to normal water application.  
 The lesser reduction in yield under 25% TTE + 75% DWW 
compared to 100% treated tannery effluent was due to reduced 
concentration of toxic ions in the root zone which enhanced the crop 
growth and yield [10].  
Gypsum addition significantly increased the flower yield 
compared to the VAM and control. This might be due to reduction in 
sodicity as evidenced by reduction in ESP [11].  
 Hence, diluted treated tannery effluent may be used for crop 
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